The song of adult male canaries is a motor skill learned by improvisation (1) and by imitation of other males (2), in either case requiring intact hearing and access to auditory information (3). A male canary has the potential to learn on successive years new and different song repertoires (4). In the following experiment I have tried to identify brain changes in adulthood that relate to this yearly learning of a motor skill.
First-year male canaries (5) hatched in April develop stable adult song by midJanuary, when 9 months old. The song patterns developed at that time last for the duration of the breeding season, until approximately mid-June. Canaries sing little if at all during the summer months. A total absence of song characterizes the period of the molt, lasting roughly from mid-August to mid-September. As the molt ends, male canaries start to sing once more, first in the tentative, highly variable manner typical of early plastic song. By early January, birds well into their second year of life have developed a new, stable song repertoire (4).
In the experiment described here, 21 male canaries hatched in mid-April were The song of adult male canaries is a motor skill learned by improvisation (1) and by imitation of other males (2), in either case requiring intact hearing and access to auditory information (3). A male canary has the potential to learn on successive years new and different song repertoires (4). In the following experiment I have tried to identify brain changes in adulthood that relate to this yearly learning of a motor skill.
In the experiment described here, 21 male canaries hatched in mid-April were 0036 used. At 10.5 months of age they were caged singly. Nine of these birds were killed the following April, when 12 months old. These birds were then in full reproductive condition and were producing stable adult song. The remaining 12 canaries were paired with females and allowed to breed (6), then killed 5 months later, in mid-September, toward the end of the molt, when 17 months old (7). Blood (1/2 ml) was obtained by intracardiac puncture before birds died (8).
The testes and brain were removed after perfusion (9). Spring and fall volumes were obtained for each of the following brain structures (10-12): two telencephalic nuclei involved in song control, the hyperstriatum ventrale, pars caudale (HVc), and the nucleus robustus archistriatalis (RA) (13); two discreet midbrain nuclei not known to be involved in song control, nucleus rotundus (Rt) and spiriformis medialis (SpM) (14); and the caudal forebrain at the level of HVc, referred to subsequently as caudal forebrain volume (15). This last measurement was taken in order to get an impression of the size of the telencephalon over the rostro-SCIENCE, VOL. 214, 18 DECEMBER 1981 used. At 10.5 months of age they were caged singly. Nine of these birds were killed the following April, when 12 months old. These birds were then in full reproductive condition and were producing stable adult song. The remaining 12 canaries were paired with females and allowed to breed (6), then killed 5 months later, in mid-September, toward the end of the molt, when 17 months old (7). Blood (1/2 ml) was obtained by intracardiac puncture before birds died (8). The testes and brain were removed after perfusion (9).
Spring and fall volumes were obtained for each of the following brain structures caudal reaches that include nucleus HVc.
Testis volume and blood androgen levels showed marked seasonal differences, as expected (16).
There was no significant difference between the right and left HVc and between the right and left RA volumes for the birds in the spring and fall samples. Then, the seasonal comparisons correspond to the summed values of the two sides (17).
The ratio of spring to fall (spring:fall) volume for each of the brain anatomical measures and for brain weight is shown in Table 1 . Except for the seasonal difference in volume of nucleus SpM, all other differences were significant (18).
It is hard to believe that whole brain volume could change seasonally. Yet, if the values obtained for brain weight, caudal forebrain volume, and the volume of the thalamic nucleus Rt are taken at face value, it seems that much of the brain undergoes a significant reduction in volume, from spring to fall, of the order of 15 to 20 percent. Such wholesale seasonal brain changes could be artifactual, however. Birds with larger brains could have been placed, by chance, in the spring rather than in the fall sample. Alternatively, some unknown factor in the treatment of tissues could have caused greater shrinkage or swelling in one of the seasonal groups.
To correct for these possibilities, two subsets of birds were formed. The spring subgroup was composed of the five spring birds with the lightest brains. The fall subgroup was composed of the five fall birds with the heaviest brains. When this was done, the mean brain weights of birds in the two subgroups differed by only 2 percent, yet the spring:fall ratio of HVc and RA volumes remained high, at 1.86 and 1.52, respectively, and significant. Seasonal differences in the volume of Rt, SpM, and caudal forebrain retained their sign, but became smaller and ceased to be significant. Two other subgroups were formed, this time by choosing the five spring birds with the smallest caudal forebrain volume and comparing them with the five fall birds with the largest caudal forebrain volume. The two subgroups matched in this manner had caudal forebrain volumes that differed by only 2 percent, yet the spring:fall ratio of HVc and RA volumes remained high and significant, at 1.91 and 1.60, respectively. The seasonal differences for Rt, SpM, and brain weight were much smaller and not significant.
The results of comparing subgroups 18 DECEMBER 1981 The shrinkage of brain nuclei in adulthood, resulting from a loss of dendritic processes, may be likened to a rejuvenating process that reduces the size of a network to an earlier developmental age. Of course, such a process can be labeled "rejuvenation" only if it is followed by a new wave of dendritic proliferation and synapse formation. If rejuvenation of brain circuitry ever becomes possible in humans, being able to induce a retraction of neurites may be found to be the indispensable first step, to be followed by their regrowth. We may now have an animal model for this kind of phenomenon. The delivery of drugs to the brain is often seriously limited by transport and metabolism factors and, more specifically, by the functional barrier of the endothelial brain capillary wall called the blood-brain barrier (1). Site-specific delivery and sustained delivery of drugs to the brain are even more difficult, and no useful simple or general methods to achieve them are known. We now report The delivery of drugs to the brain is often seriously limited by transport and metabolism factors and, more specifically, by the functional barrier of the endothelial brain capillary wall called the blood-brain barrier (1). Site-specific delivery and sustained delivery of drugs to the brain are even more difficult, and no useful simple or general methods to achieve them are known. We now report 0036 
